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TITLE OF THE INVENTION 

High-Frequency Power Amplification Electronic Part 
and Wireless Communication System 

BACKGROUND OF THE INVENTION 

The present invention relates to a high-frequency 
power amplifier circuit which is used by a wireless com- 
munication system such as mobile telephones and which am- 
plifies a high-frequency signal before outputting the am- 
plified signal, and to an electronic part incorporating 

ticularly, the invention relates to a wireless communica- 
tion system for varying input power of a high-frequency 
power amplifier circuit in order to control output power 
of the circuit, the output power being controlled while 
the gain of the high-frequency power amplifier circuit is 
being kept constant regardless of temperature variations. 

There has been in use a wireless communication 
system (mobile communication apparatus) such as a mobile 
telephone operating on a principle called GSM (Global 
System for Mobile Communication) that utilizes a frequen- 
cy band of 880 through 915 MHz . GSM is based on a phase 
modulation method called GMSK (Gaussian Minimum Shift 
Keying) whereby the phase of a carrier is shifted in 
keeping with transmitted data. In recent years, a new 
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mobile telephone that works in at least two modes has 
been proposed. The proposed telephone causes voice to be 
modulated by GMSK for communication while allowing data 
to be modulated by EDGE (Enhanced Data Rates for GMS Evo- 
lution) for communication, the latter method supplement- 
ing the phase-shifting GMSK method with amplitude shift- 
ing capabilities. 

A transmission output block of the wireless commu- 
nication system (mobile communication apparatus) such as 
the mobile telephone incorporates a high-frequency power 
amplifier circuit (uaiieu Lhe puwer cimplif itsi. cixCuiL 
hereunder) for amplifying a modified signal. In conven- 
tional wireless communication systems, the gain of the 
power amplifier circuit is controlled in accordance with 
the level of transmission requests coming from a base 
band circuit or from a control circuit such as a micro- 
processor. The control is accomplished by detecting the 
output level of the power amplifier circuit or an antenna 
and by feeding what is detected back to the amplifier 
circuit so as to vary a bias voltage or a bias current of 
the circuit, whereby the gain of the power amplifier cir- 
cuit is controlled. This scheme is disclosed illustra- 
tively in Japanese Published Unexamined Patent Applica- 
tion No. 2000-151310. 
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SUMMARY OF THE INVENTION 

The above-outlined gain control of the power am- 
plifier circuit is common to communication systems that 
operate in the GMSK modulation mode. On the other hand, 
some communication systems having the EDGE mode adopt a 
control method that controls output power by varying in- 
put power while keeping the gain of the power amplifier 
constant . 

Where that control method is in use, noise can be- 
come greater at higher temperatures as the gain of the 
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the gain of the power amplifier circuit is reduced so as 
to suppress noise, the gain can become too low—and power 
inordinately reduced--at lower temperatures. For these 
reasons, a temperature compensation circuit is needed by 
the setup in which the output power of the power ampli- 
fier circuit is controlled by varying its input power; 
the temperature compensation circuit serves to keep the 
gain of the power amplifier circuit constant regardless 
of temperature variations. 

A typical temperature compensation circuit works 
as follows: where an input Pin of a power amplifier PA 
and a drain current Id of a power amplification transis- 
tor TR therein are kept constant in an equivalent circuit 
of the power amplifier PA shown in Fig. 11, the gain of 
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the amplifier PA drops if left unattended as the tempera- 
ture rises. The temperature-induced drop in the gain is 
prevented by supplying the power amplifier PA with a gate 
bias voltage Vgg in such a manner that the drain current 
Id increases linearly in proportion to the rising tem- 
perature, as illustrated in Fig. 12. 

To implement such temperature compensation re- 
quires installing a temperature detection circuit that 
detects temperature variations. One conventional tem- 
perature detection circuit is based on a temperature- 
dependent diode oharacterioui<^, i.e. , untj circuit t d kg s 
advantage of the fact that the forward voltage of diodes 
changes with temperature variations. However, the tem- 
perature compensation circuit utilizing the temperature- 
dependent diode characteristic has its own share of dis- 
advantage: variations in detection output between diodes 
due to unsteady manufacturing procedures can cause the 
temperature compensation circuit to become unstable in 
controlling the gain. This can make it difficult to 
achieve temperature compensation with stability and pre- 
cision . 

It is therefore an object of the present invention 
to overcome the above and other deficiencies of the re- 
lated art and to provide a high-frequency power amplifi- 
cation electronic part comprising a bias control circuit 
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as well as a wireless communication system utilizing that 
high-frequency power amplification electronic part, the 
bias control circuit biasing a power amplifier circuit 
arranged to control its output power in keeping with 
changes in its input power, the bias control circuit 
further comprising a temperature compensation feature 
whereby the gain of the power amplifier circuit is kept 
constant regardless of temperature variations and free 
from variations in characteristics between circuit ele- 
ments due to unsteady manufacturing procedures. 

It is cinuLher object of the present invention to 
provide a high-frequency power amplification electronic 
part comprising a bias control circuit which has a tem- 
perature compensation feature and which is capable of op- 
erating at low voltages, as well as a wireless communica- 
tion system employing that high-frequency power amplifi- 
cation electronic part. 

It is a further object of the present invention to 
provide a high-frequency power amplification electronic 
part comprising a bias control circuit as well as a wire- 
less communication system using that high-frequency power 
amplification electronic part, the bias control circuit 
being capable of generating a plurality of bias currents 
or bias voltages that may be supplied to each of multiple 
amplifier stages constituting a power amplifier circuit 
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having a temperature compensation feature or a multi-band 
power amplifier circuit. 

In achieving the foregoing and other objects of 
the present invention and according to one aspect thereof, 
there is provided a high-frequency power amplification 
electronic part comprising a power amplifier circuit and 
a bias control circuit. The power amplifier circuit is 
arranged to control output power in accordance with input 
power that is varied while a gain of the power amplifier 
circuit is being fixed by a bias current or a bias volt- 
dyu supplied from Lhe bias conlxoi circuit. The bias 
control circuit supplies at least two diode characteris- 
tic elements with a predetermined current each in order 
to generate two voltages demonstrating different tempera- 
ture characteristics expressed by a linear function (y = 
ax + b) each. The bias control circuit further utilizes 
the generated voltages as a basis for generating a plu- 
rality of bias currents or bias voltages having a 
suitable temperature-dependent rate of change or gradient 
(coefficient "a" in the linear function above) each, the 
generated bias currents or bias voltages being fed to 
each of the plural amplifier stages constituting the pow- 
er amplifier circuit. Preferably, the voltage or current 
corresponding to the constant "b" in the linear function 
representing the bias current or bias voltage above may 
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be adjusted by use of a temperature-independent reference 
voltage . 

The above-outlined high-frequency power amplifica- 
tion electronic part of the invention generates bias cur- 
rents or bias voltages each having a specific temperature 
characteristic, and supplies the generated currents or 
voltages to the multiple amplifier stages making up the 
power amplifier circuit in keeping with the characteris- 
tic of each of the power amplification transistors con- 
stituting -che amplifier stages. The scheme makes it pos- 
sible to keep the gain of the power amplifier circuit 
constant regardless of temperature variations. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram outlining a typical 
structure of a high-frequency power amplifier block of a 
wireless communication system embodying the invention; 

Fig. 2 is a circuit diagram of a typical tempera- 
ture detection circuit; 

Fig. 3 is a graphic representation indicating a 
voltage versus current characteristic of a diode- 
connected MOSFET arrangement in a temperature detection 
circuit of the embodiment; 

Fig. 4 is a graphic representation illustrating a 
temperature characteristic of an output voltage from the 
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temperature detection circuit of the embodiment; 

Fig. 5 is a graphic representation depicting a 
temperature characteristic of an output voltage from an 
error amplifier circuit of the embodiment; 

Fig. 6 is a circuit diagram of a typical power am- 
plifier circuit and a typical bias generation circuit; 

Fig. 7 is a graphic representation of a tempera- 
ture characteristic of a bias current output by a bias 
generation circuit of the embodiment; 

Fig. 6 is a circuit diagram ot another typical 
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Fig. 9 is a circuit diagram of another typical 
bias generation circuit; 

Fig. 10 is a block diagram outlining a wireless 
communication system embodying the invention, the system 
being capable of wireless communication using two bands, 
GSM and DCS; 

Fig. 11 is an equivalent circuit diagram of a pow- 
er amplifier circuit according to the invention; and 

Fig. 12 is a graphic representation showing a tem- 
perature characteristic required of a current Id of the 
power amplifier circuit shown in Fig. 11. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of this invention will now 
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be described with reference to the accompanying drawings. 

Fig. 1 is a block diagram outlining a typical 
structure of a high-frequency power amplifier block of a 
wireless communication system embodying the invention. 
This embodiment is structured as, but not limited to, a 
dual-band communication system using GSM and DCS. Fig. 1 
shows two power amplifier circuits making up the system 
and a bias control circuit serving to bias these ampli- 
fier circuits. 

In Fig. 1, reference numeral 2 10a stands tor a 
power amplifier circuit that amplifies an outgoing siyiidi 
at 900 MHz on the GSM frequency band; 210b denotes a pow- 
er amplifier circuit that amplifies an outgoing signal at 
1,800 MHz on the DSC frequency band; and 240 represents 
a bias control circuit that generates bias currents to be 
fed to the power amplifier circuits 210a and 210b. 

The power amplifier circuits 210a and 210b are 
each constituted by three amplifier stages, PA11 through 
PA13 and PA21 through PA23 respectively, each stage being 
illustratively formed by an FET (field effect transistor) . 
The bias control circuit 240 is made of a temperature de- 
tection circuit 241 and a bias generation circuit 242. 
The two circuits 241 and 242 combine to generate tempera- 
ture-compensated bias currents that are supplied to the 
amplifier stages PA11 through PA13 and PA21 through PA23. 
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Fig. 2 is a circuit diagram of a typical tempera- 
ture detection circuit 241. This circuit 241 is made up 
of a temperature detection block TDT, a buffer block BFF, 
and an error amplifier circuit ERA. The temperature de- 
tection block TDT comprises: a first current mirror cir- 
cuit CMR1 which is made of a pair of MOSFETs Qcl and Qc2 
with their gates connected in common and which mirrors a 
reference current Iref coming from a constant current 
source CCS; a second current mirror circuit CMR2 which 
further mirrors tne mirrored current supplied by the 
first current mirror circuit CMR1 ; dxid MOSFETs Qdl and 
Qd2 connected in series to mirror-destination MOSFETs Ql 
and Q2 constituting part of the second current mirror 
circuit CMR2. The buffer block BFF includes buffers BFF1 
and BFF2 which convert drain voltages Vfl and Vf2 of the 
MOSFETs Qdl and Qd2 in impedance respectively before out- 
putting the converted voltages. The output voltages from 
the buffers BFF1 and BFF2 are input to the error ampli- 
fier circuit ERA. In turn, the error amplifier circuit 
ERA outputs a voltage proportional to a potential differ- 
ence between the drain voltages Vfl and Vf2 of the MOS- 
FETs Qdl and Qd2 . 

A mirror-source MOSFET QO and the mirror- 
destination MOSFET Ql partially making up the second cur- 
rent mirror circuit CMR2 are arranged so that their gate 
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widths have a ratio of 1 to N (N > 1 ) , and the MOSFETs QO 
and Q2 are formed so that their gate widths have ratio of 
1 to 1. The MOSFETs QO and Q2 are formed to have the 
same gate length. The arrangements cause the MOSFET Ql 
to be fed with a current Idl that is N times a current 
Id2 of the MOSFET Q2 . The MOSFETs Qdl and Qd2 have their 
gates and drains connected so that they function as di- 
odes having the same size and the same characteristics. 

When a supply voltage Vdd is provided in such a 
manner a^> Lu have drain currents ted to the MOSFETs Qdl 
and Qd2 ,- the drain current characteristic in the satura- 
tion region of the MOSFETs dictates that a relationship 
expressed by the equation 

Id = ( j8 /2) ' (Vf - Vth) 2 ... (1) 

be established between the current Id flowing through the 
transistors Qdl and Qd2 on the one hand, and the voltage 
Vf (= gate-to-source voltage) generated between the drain 
and the source on the other hand. 

In the equation (1) above, reference character /3 
denotes a coefficient having a negative temperature char- 
acteristic, and Vth represents a threshold voltage of an 
MOSFET having a negative temperature characteristic. Fig. 
3 graphically shows typical relations between the source- 
to-drain voltage Vf and the current Id of MOSFETs at tem- 
peratures Tl and T2 (T2 > Tl). Fig. 4 illustrates 
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graphically how the drain-to-source voltages Vfl and Vf2 
of the MOSFETs Qdl and Qd2 vary with temperature T. As 
can be seen in Fig. 4, the drain-to-source voltage Vfl of 
the MOSFET Qdl supplied with the larger current Idl vari- 
es more prominently than the drain-to-source voltage Vf2 
of the MOSFET Qd2 fed with the smaller current Id2. 

In the circuit of Fig. 2, the current supplied to 
the MOSFETs Qdl and Qd2 from the current mirror circuit 
CMR2 remains constant regardless of temperature varia- 
Liuns. Suppose that the current Idl ted to the MOSFET 

OH 1 "i C 0 R m A nnr^ +- V> ^ nn T/JO J ] j j_ i_ _ » *^ ^ -m-im 

^ " ■ - «-xxn^ iul O H£>^ J_ 1CU l_ LUC IMVJOrHil 

Qd2 is 1.5 mA. In that case, as shown in Fig. 3, the 
drain-to-source voltage Vfl of the MOSFET Qdl varies by 
AVfl and the drain-to-source voltage Vf2 of the MOSFET 
Qd2 by Avf2 when the temperature changes from Tl to T2. 

Fig. 3 reveals that the variation is smaller in 
the voltage AVf2 than in the voltage A Vfl. As the 
drain-to-source voltages Vfl and Vf2 of the MOSFETs Qdl 
and Qd2 are fed to the error amplifier circuit ERA 
through the buffers BFF1 and BFF2 , the error amplifier 
circuit ERA amplifies the potential difference between 
Vfl and Vf2 in order to output a voltage Vout. The lower 
the temperature, the lower the output voltage Vout, and 
vice versa. 

In the circuit of Fig. 2, the MOSFETs Qdl and Qd2 
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have the same size and the same characteristic. If the 
MOSFET Qdl has a variation in its characteristic due to 
unstable manufacturing procedures, the MOSFET Qd2 is 
likely to have a similar variation in its characteristic 
as well. For example, if a variation in threshold volta- 
ge of the MOSFET Qdl causes the temperature characteris- 
tic A of the drain-to-source voltage Vfl to shift by AV 
as indicated by a broken line Al, the temperature charac- 
teristic B of the drain-to-source voltage Vf2 of the MOS- 
FET Qd2 vdiies likewise by Av as shown by a broken line 
Bl. In the temperature detection circuit ui Fig. 2, the 
voltages thus varied are fed to the error amplifier cir- 
cuit ERA as in-phase components. This cancels out the 
variations, with the result that the output voltage is 
free of variations as shown in Fig. 5. 

The above-described workings may be explained us- 
ing expressions as shown below. In view of the expres- 
sion (1) discussed earlier, the drain-to-source voltages 
Vfl and Vf2 of the MOSFETs Qdl and Qd2 are expressed as 
follows : 

Vfl = S~ (2 • Idl/ /3 ) + Vth 

Vf2 = V (2 • Id2/ J8 ) + Vth 

It follows that Vfl - Vf2 = • (Idl - Id2)/j8, 
which shows "Vfl - Vf2" to be independent of the thresh- 
old voltage Vth. The currents Idl and Id2 supplied by 
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the current mirror circuit CMR2 are temperature- 
independent currents, and the coefficient j3 has a nega- 
tive temperature characteristic as mentioned above. 
Therefore an upward-sloping linear curve graphically rep- 
resents "Vfl - Vf2" as illustrated in Fig. 5. 

The temperature detection circuit of Fig. 2 has a 
two-stage structure in which the MOSFETs Ql and Q2 con- 
stituting the current mirror circuit and the diode- 
connected MOSFETs Qdl and Qd2 are connected in series be- 
tween a supply voltage terruindi Vdd and a ground GND. 
That means the temperature detection circuit of Fig. 2 
can operate on a lower voltage than its three-stage 
structure counterpart. Because of today's intense de- 
mands for the wireless communication system such as mo- 
bile telephones to consume as little power as possible, 
the component circuits of the system are being constantly 
improved to operate on lower voltages. Under the circum- 
stances, the temperature detection circuit such as the 
one above operating at a low voltage is used very effec- 
tively in such a wireless communication system. 

The constant current source CCS generating a con- 
stant current regardless of temperature variations is im- 
plemented using a known constant current circuit that 
provides temperature compensation by combining a positive 
temperature characteristic element with a negative tern- 
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perature characteristic element. Such a temperature- 
independent constant current circuit readily generates a 
reference current Iref fit for the temperature detection 
circuit 241 of this embodiment. Illustratively, the con- 
stant current circuit and the inventive temperature de- 
tection circuit may be formed on a single semiconductor 
chip. 

This embodiment has its MOSFETs Qdl and Qd2 formed 
to have the same size and the same characteristic, with 
any variations in their characteristic canceled out by 
the uuwna Lrecim amplifiers . The same effects can be ob- 
tained by replacing the MOSFETs Qdl and Qd2 with PN junc- 
tion diodes or with bipolar transistors with their bases 
and collectors connected. In this specification, the PN 
junction diodes, the MOSFETs with their gates and drains 
connected, and the bipolar transistors with their bases 
and collector connected are each called a diode charac- 
teristic element. 

Described below with reference to Fig. 6 are a 
typical power amplifier circuit 210a, one of the two am- 
plifier circuits in Fig. 1, and a typical bias generation 
circuit 242 for GSM. The power amplifier circuit 210a in 
Fig. 6 comprises: a first-stage power amplification tran- 
sistor TR1 illustratively made of an MOSFET for amplify- 
ing a high-frequency signal Pin input through an imped- 
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ance matching circuit MN1 and a DC-blocking capacitative 
element CDC1; a second-stage power amplification transis- 
tor TR2 for receiving the output of the transistor TR1 
through an impedance matching circuit MN2 and a capacita- 
tive element CDC2 and amplifying the received output; a 
third-stage power amplification transistor TR3 for re- 
ceiving the output of the transistor TR2 through an im- 
pedance matching circuit MN3 and a capacitative element 
CDC3 and amplifying the received output; an impedance 
matching circuit MN4 connected interposingly between the 
cij-diu of Lhe Iransistor TR3 and an output "Germinal OUT; 
resistors Rli (i = 1, 2, 3) connected in series between 
the gates of the power amplification transistors TR1 
through TR3 on the one hand, and the ground on the other 
hand; and bias transistors TRli. 

The bias transistors TRli (i = 1, 2, 3) have their 
gates and drains connected. The drains are fed with bias 
currents Ibiasl and Ibias2 from the bias generation cir- 
cuit 242 as well as with a bias current Icont2 from out- 
side the chip. The power amplifier circuit 210b has the 
same structure, not shown. 

In the example of Fig. 2, the power amplification 
transistors TR1 through TR3 are shown implemented using 
an MOSFET each. Alternatively, bipolar transistors, 
GaAsMESFETs, hetero junction bipolar transistors (HBTs) , 
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or HEMTs (high electron mobility transistors) may be 
utilized instead. 

The bias generation circuit 242 comprises: a volt- 
age-to-current conversion amplifier circuit AMP1 that re- 
ceives the output voltage of the temperature detection 
circuit 241 and outputs a current derived from the re- 
ceived voltage; a voltage-to-current conversion amplifier 
circuit AMP2 that receives the reference voltage Vref and 
outputs a current derived from the received voltage; MOS- 
FETs Qll through Q14 connected to the output MOSFET of 
the amplifier circuit AMP1 tor current mirroring pur- 
poses; MOSFETs Q21 through Q24 connected to the output 
MOSFET of the amplifier circuit AMP2 for current mirror- 
ing purposes; a changeover switch SW1 interposed between 
the gate of the output MOSFET in the amplifier circuit 
AMP1 on the one hand and the gates of the MOSFETs Qll 
through Q14 on the other hand; and a changeover switch 
SW2 interposed between the gate of the output MOSFET in 
the amplifier circuit AMP2 on the one hand and the gates 
of the MOSFETs Q21 through Q24 on the other hand. The 
current mirroring MOSFET Qll is connected in series to 
the MOSFET Q21, the MOSFET Q12 to the MOSFET Q22, the 
MOSFET Q13 to the MOSFET Q23, and the MOSFET Q14 to the 
MOSFET Q24. 

When a band selection signal BSC is supplied by an 
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outside circuit, not shown, to designate GSM transmission 
mode, the changeover switches SW1 and SW2 operate to con- 
nect the gate input of the output MOSFET in the amplifier 
circuit AMP1 to the gates of the current mirroring MOS- 
FETs Qll and Q12, and to connect the gate input of the 
output MOSFET in the amplifier circuit AMP2 to the gates 
of the current mirroring MOSFETs Q21 and Q22. When the 
band selection signal BSC specifies DCS transmission mode, 
the changeover switches SW1 and SW2 serve to connect the 
gate input of the output MOSFET in the amplifier circuit 
AMPi to the gates of the current mirroring MOSFETs Q13 
and Q14, and to connect the gate input of the output MOS- 
FET in the amplifier circuit AMP2 to the gates of the 
current mirroring MOSFETs Q23 and Q24. 

In GSM transmission mode, the currents obtained by 
subtracting the drain currents of the MOSFETs Q21 and Q22 
from the drain currents of the MOSFETs Qll and Q12 are 
supplied as the bias currents Ibiasl and Ibias2 to the 
bias transistors TR11 and TR12 of the power amplifier 
circuit 210a, whereby the gates of the power amplifica- 
tion transistors TR1 and TR2 are suitably biased. In DCS 
transmission mode, the currents obtained by subtracting 
the drain currents of the MOSFETs Q23 and Q24 from the 
drain currents of the MOSFETs Q13 and Q14 are fed as the 
bias currents Ibias3 and Ibias4 to the power amplifier 
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circuit 210b for suitable biasing action. 

It is conceivable that the bias control circuit 
240 generates voltages Vddl through Vdd3 to be fed to the 
drains of the transistors TR1 through TR3 in the amplifi- 
er stages of the power amplifier circuits 210a and 210b. 
However, this embodiment is arranged to apply battery 
voltages directly to the drains of the power amplifica- 
tion transistors TR1 through TR3 . 

In keeping with the workings of the power ampli- 
rier circuits 210a and 210b, the bias generation circuit 
242 of Tig. C permits suitable seLLiny of two kinds of 
variables: the resistance value of the resistor Rl con- 
nected serially to the output MOSFET of the voltage-to- 
current conversion amplifier circuit AMP1, and the size 
ratio (i.e., ratio of gate widths; this applies 
hereunder) of the output MOSFET in the amplifier circuit 
AMP1 to each of the current mirroring MOSFETs Qll through 
Q14. The settings make it possible to vary suitably tem- 
perature characteristic gradients Al/AT (equivalent to 
the coefficient "a" in the linear function y = ax + b) of 
the bias currents Ibiasl through Ibias4, as shown in Fig. 
7. More specifically, varying the resistance value of 
the resistor Rl varies all temperature characteristic 

gradients Al/AT of the bias currents Ibiasl through 
Ibias4 by the same degree. On the other hand, making the 
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size ratios of the output MOSFET in the amplifier circuit 
AMP1 to the current mirroring MOSFETs Qll through Q14 
different from one another renders the temperature char- 
acteristic gradients Al/AT of the bias currents Ibiasl 
through Ibias4 different from one another. 

Furthermore, in keeping with the workings of the 
power amplifier circuits 210a and 210b, the bias genera- 
tion circuit 242 of Fig. 6 permits suitable setting of 
another two kinds of variables: the resistance value of 
the resistor R2 connected serially to the output MOSFET 
of the amplifier cijicuiL AHP2 for converting the refer- 
ence voltage Vref into a current, and the size ratio of 
the output MOSFET in the amplifier circuit AMP2 to each 
of the current mirroring MOSFETs Q21 through Q24. The 
settings make it possible to establish as desired the 
currents Iofsl through Iofs4 (called the offset currents 
in this specification) for the bias currents Ibiasl 
through Ibias4 (see Fig, 7) in effect at a reference tem- 
perature TO. To be more specific, varying the resistance 
value of the resistor R2 varies all offset currents Iofsl 
through Iofs4 for the bias currents Ibiasl through Ibias4 
by the same degree. On the other hand, making the size 
ratios of the output MOSFET in the amplifier circuit AMP2 
to the current mirroring MOSFETs Q21 through Q24 differ- 
ent from one another renders the offset currents Iofsl 
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through Iofs4 for the bias currents Ibiasl through Ibias4 
different from one another. 

With the above arrangements in place, it is pos- 
sible to generate four bias currents Ibiasl through 
Ibias4 each having a different temperature characteristic 
gradient A 1/ AT and a different offset current Iofs. If 
the power amplifier circuits 210a and 210b have a differ- 
ent bias condition each, and if the amplification tran- 
sistors TR1 and TR2 in the first and the second stages of 
the two amplifier circuits have a different gain tempera- 
ture characteristic each, it is still possible to gener- 
ate and supply the optimum bias currents Ibiasl through 
Ibias4 for the amplification transistors TR1 and TR2 in 
the different stages. When the bias currents Ibiasl 
through Ibias4 with their temperature characteristics 
thus established are fed to the bias transistors TR11 and 
TR12 in the first and the second stages, the drains of 
the two transistors develop voltages that are supplied to 
the gates of the amplification transistors TR1 and TR2 . 
This makes it possible for the wireless communication 
system to control output power by varying input power in 
such a manner as to keep the gain of the power amplifier 
circuits 210a and 210b constant regardless of temperature 
variations . 

Furthermore, the bias generation circuit 242 of 
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Fig. 6 can raise the number of bias currents it generates 
by simply increasing the number of MOSFETs connected to 
the output MOSFETs of the amplifier circuits AMP1 and 
AMP2 for current mirroring purposes. The structure makes 
it possible to generate a plurality of types of bias cur- 
rents needed by multi-stage power amplifiers and multi- 
ple-band systems such as those of the invention. Where 
there is a need for a growing number of bias currents, 
any increase in the scale of circuitry for the system as 
a wliult; <jcin sLill be kept minimal with the above struc- 
ture , 

In the embodiment of Fig. 6, the amplification 
transistor TR3 in the last stage of the power amplifier 
circuits 210a and 210b has its gate bias voltage generat- 
ed using a bias transistor TR3 and a bias resistor R13 
based on a temperature-uncompensated current Icont2 from 
an outside circuit such as a base band circuit. 

The arrangement above is conceived for the follow- 
ing reasons: the inventive power amplifier circuits 210a 
and 210b are designed to have most of their necessary 
gains achieved by the first-stage and second-stage power 
amplification transistors TR1 and TR2, with the last- 
stage transistor TR3 providing a gain of nearly xx l" to 
let a large current flow, whereby the required output 
power is furnished. Such a low-gain transistor manifests 
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few variations in terms of output power even though the 
gate voltage of the transistor is more or less tempera- 
ture dependent. In addition, the last-stage transistor 
TR3 has such a small amplitude of input voltages that 
little benefit is derived from supplying a temperature- 
compensated bias voltage to the gate of the transistor. 
Thus there is no specific need for temperature compensa- 
tion. 

In the inventive system, its output power is con- 
trolled Joy varying its input power while the power ampli- 
fier bias is being kept constant . In Lhal structure, if 
the bias generation circuit 242 were to supply a bias 
current to the third-stage transistor TR3 as well, a re- 
latively large amount of drain current would flow use- 
lessly through the transistor TR3 while the output poser 
is low. By comparison, if the last-stage transistor TR3 
is arranged to be fed with the gate bias voltage from an 
outside circuit as described above, the drain current of 
the transistor TR3 is reduced while the output power is 
low, whereby the current consumption of the system as a 
whole is decreased. 

It is not mandatory, however, that the gate bias 
current to the last-stage transistor TR3 in the power am- 
plifier circuits 210a and 210b be supplied from an out- 
side circuit and not generated by the bias generation 
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circuit 242 in the example of Fig. 6. It is possible to 
install another two MOSFETs in parallel with the current 
mirroring MOSFETs Qll through Q14 as well as Q21 through 
Q24, the two additional MOSFETs having their gates con- 
nected in common with the gates of the output MOSFETs of 
the two amplifier circuits AMP1 and AMP2 . In this setup, 
the two MOSFETs may generate a gate bias current and sup- 
ply it to the last-stage transistor TR3 . 

In the embodiment of Fig. 6, the bias generation 
circuit 242 generates the gate bias current and feeds it 
lu the power amplifier circuits 210a and 2I0b. Alterna- 
tively, it is possible to eliminate the transistors TR11 
through TR13 and resistors Rll through R13, install cur- 
rent-to-voltage conversion resistors on the side of the 
bias control circuit 240, and let the gate bias current 
generated by the bias generation circuit 242 flow through 
the current-to-voltage conversion resistors for conver- 
sion into voltages which may be fed, in place of currents, 
to the gates of the amplification transistors TR1 through 
TR3. It might happen that the bias generation circuit 
242 is formed on a semiconductor chip separate from 
another chip accommodating the amplification transistors 
TR1 through TR3 constituting the power amplifier circuits 
210a and 210b. In that case, more accurate control is 
accomplished if the bias transistors TR11 through TR13 
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connected to the amplification transistors TR1 through 
TR3 for current mirroring purposes are formed on the same 
chip as TR1 through TR3 whereas the bias generation cir- 
cuit 242 on a different chip generates the gate bias cur- 
rent and supplies it to the resistors Rll through R13 for 
conversion into bias voltage, whereby the gates of the 
amplification transistors TR1 through TR3 are biased. 

Such control is made possible with high precision 
for the following reasons: if the amplification transis- 
tors TR1 through TR3 and the bias transistors TR11 
through TR13 are luLiued un the same chip and if these 
transistors are connected so as to constitute a current 
mirror circuit, then any variations in the gate bias 
voltage of the amplification transistors TR1 through TR3 
are minimized. That is because if the amplification 
transistors TR1 through TR3 possess characteristic devia- 
tions stemming from manufacturing processes, then the 
bias transistors TR11 through TR13 exhibit like charac- 
teristic deviations in the same direction. 

Fig. 8 is a circuit diagram of another typical 
temperature detection circuit 241 of this invention. In 
this embodiment, the MOSFETs Ql and Q2 making up the cur- 
rent mirror circuit CMR2 in the temperature detection 
circuit of Fig. 2 are represented by constant current 
sources CCS1 and CCS2 respectively. As in the setup of 
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Fig. 6, the constant current sources CCS1 and CCS2 are 
constituted by a first and a second current mirror cir- 
cuit CMR1 and CMR2 respectively, the first current mirror 
circuit CMR1 being made of MOSFETs Qcl and Qc2, the sec- 
ond current mirror circuit CMR2 being composed of MOSFETs 
QO, Ql and Q2 . 

The inventive temperature detection circuit of Fig. 
8 is so arranged that the constant current sources CCS1 
and CCS2 provide currents Irefl and Iref2 of the same 
amount (i.e., Irefl = Iref2). In this setup, the MOSFET 
Qd2 in the temperature detection circuit of tig. 2 is re- 
placed by two MOSFETs Qd21 and Qd22 each having the same 
size and the same characteristics as those of the MOSFET 
Qdl. The MOSFETs Qd21 and Qd22 have their gates and 
drains connected to form a diode connection arrangement, 
and have their drains commonly connected to the shared 
constant current source CCS2 . In this embodiment, the 
current flowing through each of the MOSFETs Qd21 and Qd22 
is half the current Iref2 furnished by the constant cur- 
rent source CCS2 . The setup is a variation of the tem- 
perature detection circuit in Fig. 2 provided the gate 
width of the MOSFET Ql is made twice that of the MOSFET 

Q2 in the current mirror circuit CMR2 so that Idl = 2 * 
Id2 . 

The MOSFETs Qd21, Qd22 and Qdl have the same size 
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and the same characteristics each. That means if the 
MOSFET Qdl has deviations in such characteristics as the 
threshold voltage stemming from unstable manufacturing 
procedures, then the MOSFETs Qd21 and Qd22 possess simi- 
lar characteristic deviations. That is, the MOSFETs Qd21 
and Qd22 have the same deviations in their drain voltage 
Vfl as those of the MOSFET Qdl in its drain voltage Vf 2 . 
As a result, if the constant currents Irefl and Iref2 are 
kept constant regardless of temperature variations, then 
the error amplifier circuit ERA outputs the voltage Vout 
having the desired Lemperature characteristic shown in 
Fig. 5 for the same reasons discussed above in connection 
with the temperature detection circuit of Fig. 2. 

In the embodiment above of Fig. 8, the two MOSFETs 
having the same size and the same characteristics as tho- 
se of the MOSFET Qdl were shown replacing the MOSFET Qd2 
in Fig. 2. However, this is not limitative of the inven- 
tion. Alternatively, the number of parallelly connected 
MOSFETs can be three or more. The larger the number of 
parallelly connected MOSFETs, the steeper the gradient of 
the linear curve in Fig. 5. As another alternative, the 
MOSFET Qdl getting the current Irefl from the constant 
current source CCS1 may be replaced by two or more paral- 
lelly connected MOSFETs. It should be noted that the 
number (n) of Qdl's must not be equal to the number (m) 
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of Qd2's. The Qdl-to-Qd2 current ratio is then set to 
"m : n." 

In the embodiment of Fig. 8, the buffers BFF1 and 
BFF2 shown in Fig. 2 are absent, so that the drain volt- 
age Vfl of the MOSFET Qdl and the drain voltage Vf2 of 
the MOSFETs Qd21 and Qd22 are input directly to the error 
amplifier circuit ERA. Alternatively, the drain voltages 
may be input to the error amplifier circuit ERA through 
the buffers BFF1 and BFF2 as in the setup of Fig. 2. In- 
stalling the buffers BFF1 and BFF2 prevents part of the 
currents Irefl and IreI2, supplied by the constant cur- 
rent sources CCS1 and CCS2, from flowing to the input 
terminal of the error amplifier circuit ERA and causing 
the drain voltages Vfl and Vf2 to deviate. That is, the 
buffers BFF1 and BFF2 help to generate more accurate bias 
currents to be fed to the power amplifier circuits. 

Fig. 9 is a circuit diagram of another typical 
bias generation circuit 242. In this embodiment of the 
bias generation circuit 242, the amplifier circuit AMP2 
in Fig. 6 for converting the reference voltage Vref to 
currents is eliminated. A bias circuit is provided in- 
stead, constituted by P-channel MOSFETs QO and Q3 which 
have their gates connected in common and which make up 
the current mirror circuit CMR2 in the temperature detec- 
tion circuit 241, and by an N-channel MOSFET Q4 connected 



28 



in series to the MOSFET Q3. The MOSFET Q4 is connected 
in turn to the MOSFETs Q21 through Q24 on the current re- 
ducing side so as to draw in currents for current mirror- 
ing purposes. In other words, the embodiment of Fig. 9 
is designed to generate the reference voltage Vref inter- 
nally. 

The MOSFETs Q21 through Q24 on the current reduc- 
ing side in Fig. 6 are P-channel MOSFETs, whereas the 
MOSFETs Q21 through Q24 on the current reducing side in 
tig. y are N-channel MOSFETs. That is due to differences 

V* ^ -v^> ~~ — . "1 _l_ _ _ 1 _ _ ~1 • 

j>n icicicii^c vuiuayc J-tivti-LS xil use . 

In the embodiment of Fig. 9, the output bias cur- 
rents Ibiasl through Ibias4 may also be offset as desired 
by suitably forming the sizes of the MOSFETs Q4 and Q21 
through Q24. Furthermore, the chip size may be reduced 
because there is no need for the amplifier circuit AMP2 
for converting the reference voltage Vref to currents. 
It should be noted, however, that in the embodiment of 
Fig. 6 the bias currents Ibiasl through Ibias4 may be 
offset depending on the system or the product of interest 
by furnishing the IC with an externally attached resistor 
R2 connected in series to the output MOSFET of the ampli- 
fier circuit AMP2 . This arrangement allows the embodi- 
ment of Fig. 6 to be adjusted more easily and to function 
with higher accuracy than the embodiment of Fig. 9. 



Fig. 10 is a block diagram outlining a wireless 
communication system embodying the invention, the system 
being capable of wireless communication using two bands , 
GSM and DCS. In Fig. 10, reference character ANT stands 
for an antenna for transmitting and receiving radio sig- 
nals. Reference character 100 denotes a single-package 
electronic device (RF device) comprising a high-frequency 
signal processing semiconductor integrated circuit (base 
band IC) and band pass filters BPF1, BPF2, BPF3 and BPF4 . 
The high-frequency signal processing semiconductor inte- 
grated circuit is tormed on a single semiconductor chip 
that includes modems providing GMSK modulation and de- 
modulation for a GSM or DCS system, and a high-frequency 
signal processing circuit (base band circuit) 110 which 
generates I and Q signals based on transmitted data (base 
band signal) and processes I and Q signals extracted from 
received signals. The single semiconductor chip also in- 
cludes low-noise amplifier circuits LNA1 and LNA2 for am- 
plifying the transmitted signal. The band pass filters 
BPF1 and BPF2 remove high-frequency components from the 
transmitted signal, and the band pass filters BPF3 and 
BPF4 eliminate unnecessary radio waves from the received 
signal. Tx-MIXl and Tx-MIX2 represent mixers for up- 
converting the transmitted signal, and Rx-MIXl and Rx- 
MIX2 denote mixers for down-converting the received sig- 



30 



nal . 

In Fig. 10, reference character 200 stands for a 
high-frequency power amplification module (called the 
power module hereunder) that includes on a single ceramic 
substrate the above-described high-frequency power ampli- 
fier circuits 210a and 210b for amplifying high-frequency 
signals fed from the base band IC 100, and the bias con- 
trol circuit 240. Reference character 300 denotes a 
front-end module comprising: output detection circuits 
PDT1 and PDT2 made of couplers and other elements for de- 
tecting the output level ot the transmitted signal to be 
output by the power module; an automatic power control 
circuit APC which, based on detection signals from the 
output detection circuits PDT1 and PDT2 as well as on a 
power control signal PCS from the base band IC 110, gen- 
erates an output control signal Vapc for gain control am- 
plifier circuits GCA1 and GCA2 in the base band IC 110; 
filters LPF1 and LPF2 for removing noises such as har- 
monic content from the transmitted signal; branching fil- 
ters DPX1 and DPX2 for composing or separating GSM and 
DCS signals; and a changeover switch T/R-SW for providing 
a switch between transmission and reception. 

In this embodiment, as shown in Fig. 10, the base 
band IC 110 in the RF device 100 supplies bias currents 
Icont2H and Icont2L for the last stage of the GSM power 
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amplifier circuit 210a and DCS power amplifier circuit 
210b in the power module 200. The base band IC 110 in 
the RF device 100 also supplies constant currents IcontlH 
and IcontlL which correspond to the reference Iref input 
to the temperature detection circuit 241 of the bias con- 
trol circuit 240 shown in Fig. 2. The current IcontlH is 
supplied while GSM transmission mode is in effect, and 
the current IcontlL is provided when DCS transmission 
mode is in use. The currents IcontlL and IcontlL sup- 
plied by the base band IC 110 determine the gains of the 
power amplifier circuits 2I0a and 210b. Either of the 
two currents IcontlH and IcontlL is fed to the power mod- 
ule at any one time; the two currents are not supplied 
simultaneously . 

The bias control circuit 240 of the embodiment in 
Fig. 2 includes a circuit, not shown, for generating a 
switching control signal BSC for controlling the changeo- 
ver switches SW1 and SW2 indicated in the bias control 
circuit 240 of Fig. 6. The control signal generating 
circuit determines which of the currents IcontlH and 
IcontlL is being fed from the RF device 100, before gen- 
erating the control signal BSC accordingly. Alterna- 
tively, the switching control signal BSC may be generated 
in accordance with a mode selection signal Vmode sent 
from the base band IC 110 to the bias control circuit 240. 
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As another alternative, the switching control signal BSC 
for controlling the changeover switches SW1 and SW2 may 
be generated and supplied by the base band IC 110 or by 
some other component. 

As can be seen in Fig. 10, this embodiment has the 
gains of the power amplifier circuits 210a and 210b kept 
constant using the current IcontlH or IcontlL supplied 
by the base band IC 110. In that state, the output con- 
trol signal Vapc from the automatic power control circuit 
120 is red to the gain control amplifier circuits GCA1 
and CCA2 in the base Ldiiu IC 110 , so that the output con- 
trol signal Vapc controls the gains of the amplifiers 
GCA1 and GCA2 . That in turn varies the input power to 
the power amplifier circuits 210a and 210b, causing their 
output power to vary correspondingly. Because the bias 
control circuit 240 for biasing the power amplifier cir- 
cuits 210a and 210b has the above-described temperature 
compensation capability, the gains of the power amplifier 
circuits 210a and 210b are kept constant regardless of 
temperature variations and free from deviations in char- 
acteristic of the circuit elements attributable to unsta- 
ble manufacturing procedures. 

Although the embodiment above has its band pass 
filters BPF1 through BPF4 made up of capacitative and re- 
sistive elements attached externally to the base band IC, 
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this is not limitative of the invention. Alternatively, 
the elements constituting the band pass filters BPF1 
through BPF4 may be formed on the same semiconductor chip 
comprising the base band circuit 110. The devices and 
modules discussed above may be supplemented with a micro- 
processor (CPU), not shown in Fig. 10, for controlling 
the system as a whole by generating a control signal for 
the RF device 100 and an output level designation signal 
serving as a basis for generating the power control sig- 
nal PCS. 

Although the description above contains many 
specificities, these should not be construed as limiting 
the scope of the invention but as merely providing illus- 
trations of some of the presently preferred embodiments 
of this invention. It is to be understood that changes 
and variations may be made without departing from the 
spirit or scope of the claims that follow. For example, 
although the bias generation circuit 242 of Fig. 6 was 
shown having the MOSFETs Qll through Q14 and Q21 through 
Q24 connected to the output transistors of the amplifier 
circuits AMP1 and AMP2 to form a current mirror circuit, 
this is not limitative of the invention. Alternatively, 
there may be provided an ordinary differential amplifier 
circuit, an MOSFET that receives the differential ampli- 
fier output, and a resistor connected to the drain of the 
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MOSFET which may in turn be connected to the MOSFETs Qll 
through Q14 and Q21 through Q24 to form a current mirror 
circuit . 

In the high-frequency power amplification circuit 
shown practiced above, the power amplification FETs are 
furnished in three stages. Alternatively, two stages or 
four stages or more of the transistors may be installed. 
As another alternative, the second or third stage FETs 
may be formed by a pair of parallelly connected FETs in 
Liie applicable stage. Whereas the high-frequency power 
amplification block and Lhe front end block tor the em- 
bodiments above were described as separate modules 200 
and 300, these blocks may be formed alternatively in a 
single module. 

The invention has been described as applicable 
primarily to the power module as part of a dual mode 
wireless communication system capable of transmission and 
reception in two communication modes, GSM and DCS, i.e., 
the field of utilization constituting the technical back- 
ground of the inventors. However, this is not limitative 
of the invention. Alternatively, the invention may apply 
as well to power modules constituting part of wireless 
communication systems such as mobile telephones operating 
in GSM or DCS mode capable of GSMK modulation or EDGE 
modulation, to CDMA (code division multiple access) mo- 
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bile telephones , and multi-mode mobile telephones capable 
of communicating in three or more communication modes 
including GMS , CDS, and PCS (personal communication sys- 
tem) . 

The major benefits of the invention disclosed abo- 
ve are summarized as follows: according to the invention, 
there is provided a bias control circuit for generating a 
bias current or a bias voltage for a power amplifier cir- 
cuit arranged to control output power in accordance with 
input power that is varied while the power amplifier gain 
is being fixed by bieisiny. The bias control circuit gen- 
erates the bias current or voltage having a necessary 
temperature characteristic dependent on the characteris- 
tic of the power amplification transistors in each of the 
stages constituting the power amplifier circuit, and sup- 
plies the generated bias current or voltage to the power 
amplifier circuit. The structure keeps the power ampli- 
fier gain constant regardless of temperature variations. 
This contributes to suppressing the growing noises from 
the power amplifier circuit at high temperatures and 
averting the power loss attributable to an inordinately 
low power amplifier gain at low temperatures. 
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